The nano nickel (II) 
■ INTRODUCTION
In recent years, in many countries, especially in developing countries, concern and awareness of potential problems related to water pollution due to the occurrence of emerging contaminants are of growing interest among society [1] [2] [3] . These compounds are chemicals that originate from industrial, agricultural and human activities, very often as consumer products and byproducts used every day [4] [5] . Many of these compounds are hardly biodegradable, for which much is yet unknown on their fate and potential impact on human health and environment, as well as on current water treatment technologies [6] [7] .
One of the newest chemicals is antibiotics. Pharmaceutical antibiotics are becoming increasingly problematic contaminants of water resources, particularly in surface and groundwater sources located around industrial and residential communities [8] [9] . They enter water sources mostly through the discharge from pharmaceutical industries and municipal wastewater treatment plants [10] . Consumption of water contaminated with antibiotics can have several adverse effects on humans including acute and chronic toxicity [11] . Another critical concern regarding the antibiotics in water sources is the development of bacterial resistance to the medicinal treatment of bacterial infections [12] [13] .
Pharmaceutical chemicals are released by two main routes at water [14] [15] . Pharmaceutical industry, which includes four different types of manufacturing processes, fermentation, chemical synthesis, extraction and formulating, often generates high strength wastewater with different character and quantity depending upon the used manufacturing processes and season [16] . The domestic route: most pharmaceutical chemicals will be dispensed or sold to the public, and after administration, these pharmaceuticals are excreted by the patients into wastewater in metabolized or non-metabolized forms [17] .
Amoxicillin (AMO) is one of the most widely used b-lactam antibiotics used to treat human and animal infections [18] [19] . Water containing this class of chemicals needs to be treated using an efficient process in order to protect human health and the environment against their adverse effects [20] .
Some methods have been carried out for antibiotics removal from contaminated water. A wide range of methods containing physical, chemical and biological techniques have also performed to reduce their impact on the environment [21] [22] . Although some chemical and biological methods such as ozonation, coagulation, flocculation, photocatalytic degradation, hypochlorite treatment, activated sludge, chemical precipitation, physical separation, biological degradation, aerobic/anaerobic digestion, advanced oxidation processes (AOPs) and electrochemical techniques are suitable in removing antibiotics [23] [24] . Biodegradation may be one of the methods for the removal of antibiotics from sewage water. However, the limited studies on this topic showed that total biodegradation of some important antibiotics could not be accomplished and needs more detailed investigations [25] [26] .
The photocatalytic oxidation is one of the most promising technologies for eliminating the organic pollutants because it is highly efficient in mineralization and it can utilize the sunlight as energy source [27] . Among all the semiconductors used as the photocatalyst, NiO has proven to be most suitable for widespread environmental applications due to its high efficiency, non-toxicity, stability and economic advantages [28] [29] . Most of the photocatalytic processes absorb the light at a wavelength shorter than 384 nm. The ultraviolet (UV) light impinges on NiO surfaces, and thus generating electron-hole pairs which may result in the production of hydroxyl radicals (•OH) and perhydroxyl radicals (•OOH) [28] . The objective of this research was to study the photocatalytic performance of the UV/NiO process in the removal of AMO, taking into account the effects of different parameters such as solution catalyst dose, initial concentration of AMO, and contact time. 
■ EXPERIMENTAL SECTION Materials
Analytical grade AMO was obtained from Sigma Aldrich Co., and used as received; its characteristics are given in Table 1 . NaOH, HCl and nitric acid were supplied by Merck Chemical Company. All solutions were prepared using deionized water from a Milli Q system (Millipore, France). All glassware were made of the Pyrex and were washed with soap, nitric acid and rinsed with deionized water prior to use.
Procedure

Preparation of nickel oxide
The nickel oxide nanoparticles were prepared using the sol-gel process (30) . First of all, 1.5 g (0.0063 mol) of was transferred to a 250 mL round bottom flask at room temperature and dissolved in 70 mL of absolute ethanol. The Solution was subjected to continuous stirring. In another beaker 0.5 g (0.0125 mol) NaOH was dissolved in 100 mL of absolute ethanol. This Solution was added to NiCl2.6H2O solution dropwise. The mixture was stirred at room temperature for 2 h. Light green colored gel was formed after 2 h. After 2 h, the gel was filtered and washed with distilled water and then finally with ethanol. Light green colored precipitate was formed. The precipitate was oven dried at 100 °C for 4 h. Fine green powder was subjected to calcination at 290 °C for 30 min. Black colored nanopowder of NiO was prepared.
Batch photocatalytic experiments and optimized conditions
For the UV/photocatalyst process, the irradiation was performed in a 1 L photo-reactor with a low mercury lamp 15 W. For the photodegradation of AMO, a solution containing the certain concentration of AMO and NiO was prepared and it was allowed to equilibrate for 30 min in the darkness. Then 100 mL of the prepared suspension was transferred to a 1 L Pyrex reactor. Having adjusted pH values of the suspension at the desired level using dilute 0.1 M NaOH and HCl, the pH values were measured by pH meter (HANNA HI9811-5). Then, the lamp was switched on to initiate the reaction. During irradiation, the agitation was continued to have the homogenous suspension, and the suspension was sampled after an appropriate illumination time. The concentration of AMO in each degraded sample was determined by a UV spectrophotometer (DR-5000) at a wavelength of maximum absorbance (280 nm). The photodegradation efficiency (X) is given by Eq. 
where C0 = initial concentration of AMO, C = concentration of AMO at time t.
■ RESULTS AND DISCUSSION
Characterization of Synthesized NiO
Further analysis was conducted by XRD to confirm the phase of the synthesized NiO nanoparticles (Fig. 1) . Before calcination, the sample was in an amorphous phase and the NiO phase was not observed. After calcination, crystalline phase presented a cubic structure, in which all diffraction lines of NiO were indexed to an ordered structure (ICSD 98-009-0203). Observed peaks at 37.72, 43.4, 63.17, 77.94 and 79.61 show crystalline nature of NiO nanoparticles. In the amorphous phase, no significant change in the nickel phase occurred. Thus, no NiO phase existed. The crystalline phase existed after calcination, demonstrating that the metallic-nickel nanoparticles were readily oxidized to NiO nanoparticles.
The crystallite size of NiO nanoparticles was estimated by Debye-Scherrer equation by using Eq. (2):
The average crystallite size of NiO nanoparticles was about 9.5 nm.
At high magnification (50,000x), the NiO nanoparticles in the SEM image showed a spherical nanoparticle structure (Fig. 2) . Also, the typical TEM image of NiO nanoparticles is shown in Fig. 3 . There is a good agreement between the TEM and XRD results for the particle size. The average size of NiO nanoparticles, as measured by TEM, was found lower than 10 nm.
Effect of UV Light and NiO
Photocatalytic degradation of AMO was investigated in the absence of NiO catalyst and UV light. The application of only nano NiO catalyst without UV light irradiation could not catalyze the degradation of the AMO antibiotics. It was observed that AMO degradation was not significant in the absence of laser or nano NiO. The results indicate that both the catalyst and light are essential for efficient degradation of AMO. The photo degradation of AMO in aqueous solution as a function of irradiation time in the presence of nano-structured NiO is shown in Fig. 4 .
Effect of NiO Dose
Fig . 5 represents the photocatalytic degradation processes of AMO at different mass of NiO. The photocatalytic removal of AMO gradually increases as the masses of NiO increases due to increasing the active site on the catalyst surface until reaching the optimum photocatalytic dose of 0.2 g/L, and then gradually decreases [33] [34] . When the mass of NiO is equal to 0.2 g/L, the semiconductor NiO can provide the highest absorption of light. The decrease in the efficiency of photocatalytic degradation process at the masses of NiO higher than 0.2 g/L due to the light absorption will be limited only to the first layers of AMO and the other layers of solution do not receive light photons [35] . Moreover, light scattering at high NiO loading is led to decrease the photon intensity; so that the light absorption is only occurred through the first layers of solution and reaching the lights to other layers is prevented. This brings the decreasing the AMO photo-degradation efficiency [36] . The kinetic results are plotted in Fig. 6 which shows that the rate constant of reaction generally increases with increase of photocatalyst concentration.
Effect of Initial AMO Concentration
The effect of initial AMO concentration on photodegradation efficiency is shown in Fig. 7 . It was observed that the photo-degradation conversion of AMO decreases with an increase in the initial concentration of AMO. The presumed reason is that when the initial concentration of AMO is increased, more and more AMO molecules are adsorbed on the surface of NiO [37] [38] . The large amount of adsorbed AMO is thought to have an inhibitive effect on the reaction of AMO molecules with photogenerated holes or hydroxyl radicals, because of the lack of any direct contact between them [39] . Once the concentration of AMO is increased, the AMO molecules will also absorb the light making the photons could not reach the photocatalyst surface, thus the photo-degradation efficiency decreases [35] .
Kinetics of Photocatalytic Degradation of AMO
It has been agreed that the expression for the rate of degradation of AMO with irradiated NiO follows the Langmuir-Hinshelwood (L-H) law or pseudo-firstorder of heterogeneous photocatalytic reactions [28] . In the kinetic equation of L-H, the relationship between concentration (C) and time (t) is as follows [40] :
The integral equation is as follows [41] [42] [43] :
where K is the pseudo-first-order rate constant (that is affected by AMO concentration), and t, is the contact time. The plot of Ln (C0/Ce) versus the time provides a straight line, the slope of which upon linear regression equals the pseudo-first order rate constant k. The linear plot of Ln (C0/Ce) versus time for model is shown in Fig.  8 . The linear plot suggests that the photodegradation reaction approximately follows the pseudo-first-order kinetics with rate coefficient of 0.084, 0.074 and 0.046 min -1 for concentrations 25, 50 and 100 mg/L respectively. Also, the regression coefficients (R 2 ) for the studied concentrations of AMO were equal to 0.981, 0.989 and 0.994 respectively. These results prove that the sorption data fitted well to the L-H model.
■ CONCLUSION
The results of our study showed that UV/NiO process could be efficiently used to degrade the AMO antibiotics. Photodegradation efficiency of AMO was small when photolysis was carried out in the absence of NiO and negligible in the absence of the UV light. The results indicated that the degree of degradation of AMO were obviously affected by the initial AMO concentration, contact time and the amount of NiO. The result showed that the optimal amount of photocatalyst was 0.2 g/L, with AMO concentration of 25 mg/L.
